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I. INTRODUCTION
LTE is the successor technology of third generation telecommunication standard which is popularly called as 3G. LTE provides the peak download speed of 100Mbps in downlink and 50Mbps in the upload. Release 10 of LTE is supports IMT Advanced, which provide 300 Mbps in the download but still falls short of IMT -Advanced standards which is 1 Gbps in the peak download and 500 Mbps in the uplink. Air interface in LTE network utilizes two types of duplexing namely LTE-FDD (Frequency division duplex) and LTE-TDD (Time division duplex) to achieve high data rates associated with the 4G technology. At this point LTE-FDD is widely used technology. The reason credited to this being, LTE-FDD provides greater compatibility with the existing and prospective spectrum assignments. But, the implementation of TDD is gradually picking up. The physical channels in LTE can be classified as physical downlink shared channel (PDSCH) that transports user data and modulated using QPSK, 16-QAM or 64-QAM. The physical broadcast channel (PBCH) sends cells specific system identification and control parameters using QPSK every 40 millisecond. The Physical Downlink Control Channel (PDCCH) provides the resources to the UE and the reference signal (RS) is used for channel estimation. In the uplink, the Physical Uplink Control Channel (PUCCH) handles the control information and responses of the UE. The physical uplink shared channel (PUSCH) is similar to PDSCH. However, it handles the uplink using QPSK, 16-QAM or 64-QAM. This capacity of the LTE/LTE-A attracts new subscribers and as a result of this operators are expanding the network at a rapid rate to increase the capacity and coverage to many areas that are still uncovered. LTE is based on the SC-FDMA in uplink and OFDMA in the downlink. Hence, an attempt has been made to benchmark the network coverage of this technology between two leading LTE/LTE-A service providers. Hereafter we call the service providers as Operator-A and Operator-B.
Benchmarking testing is an act of performing same tests between the service providers in order to assess the relative performance of the service providers. In these tests, the network performance of Operator A and B are compared. Both the service providers have an ambitious network roll out plan for future. Operator A for instance, planning to shut down the 2G network operations by 2016 and they are planning to allocate the spectrum used by 2G to LTE. They have also extended the 700 MHz LTE trials in two major cities. Apart from this, to boost the data speed Operator A has introduced carrier aggregation using three bands to deliver data rate up to 450 Mbps. Furthermore, Operator-A is using nationwide fibre service to reach out to various communities across the country to expand the LTE/LTE-A coverage.
On the other hand, Operator-B is aiming to cover 98.5% of the population with the LTE by end of 2016 where the initial the service was started by Operator-B in the year 2013. Subsequent to the launch, the network was rolled out across various metropolitans in the country. The roll out was planned in such a way that new mobile sites were installed and some sites were upgraded to have combined 4G technologies of LTE-TDD (2300MHz) and LTE-FDD (1800 MHz). Operator B also has plans to utilize 700 MHz and 2600 MHz for 4G.
The purpose of this paper is to analyse the real time LTE network under dynamic condition by explaining the key power measurements reported by LTE enabled cell phone. The effect of mobility on a LTE user is studied by monitoring KPIs such as UL/DL through, RSSI, RSRP, and RSRQ. The results of two real-time networks are compared.
The rest of the paper is organized as follows: Section II provides important definition about KPIs monitoring in this
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II. SIGNAL POWER MEASUREMENT INDICATORS IN LTE

NETWORK
The KPIs such as RSRP, RSRQ and RSSI provides information regarding quality of the wireless channel in LTE network. These measurements are conducted over Resource Elements (RE) that contains Reference Symbols (RS). The fourth and sixth REs contain RS, and RSs are transmitted in the first and fourth OFDM symbol of each RB. Each OFDM consists of REs in fourth and sixth [1] . RSRP is a cell specific metric denoting received signal strength that is used by LTE enabled User Equipments (UE) for cell re-selection and handover. The definitions of KPIs are given below.
RSSI can be defined as the total power received in a single RE in a RB [2] [3] . RE which is a smallest data unit in LTE standard represents 15 KHz in frequency domain and 1 OFDM symbol in time domain. Each RB constitutes 12 RE which corresponds to (12*15)180 KHz in frequency domain and 0.5 msec in time domain. It includes all the power from neighbor, serving cells and noise. Its units are defined in dBm. RSRP can be defined as power measured in a single RE. It is represented as the power of single RE which contains reference signal. RSRP does not include noise or interference from serving or neighboring cells. Its units are given as dBm. The value of RSRP is given as Energy Per Resource Element (EPRE) in every eNB. The unit of EPRE is defined as dBm/15 KHz, which is defined as power per 15 KHz or per RE. RSRQ can be defined as the quality of power received in RE that contains RS. It is an important KPI to assess the quality of the received signal. It is defined as follows; (1) As seen in Equation 1, RSRQ is calculated using RSRP and RSSI. This is used as the reference signal by the LTE network to make hand-off decision. N is the number of RBs and its value changes depending on the scheduling to the specific user. CQI is in the uplink direction transmitted by UE to the network. The UE transmits the channel quality as the feedback to the eNB. The CQI report by UE to the eNB is a vital information used by eNB to make critical decisions regarding scheduling. The better the wireless channel, the higher will be the CQI from a UE. This is used to decide on modulation formats, packet types, pre-coding matrix types which affects the throughput delivered to a particular user [4] [5].
III. TEST METHODOLOGY
Benchmarking is a relative performance evaluation between various service providers. The main objective of the testing is to assess the performance of the various parameters of the LTE network with similar test cases and tools. 
IV. BENCHMARK TESTING AND RESULTS
A. Experiment 1 -Walk test:
This test was conducted while walking around the city center in the heart city. The below Table1 and Table 2 provide KPI measurements of RSRP, RSRQ, RSSI and uplink/ downlink (with minimum, maximum and average) of both Operator A and Operator B respectively. Performance of Operator A around city center is better than Operator B in terms of quality and received signal strength. The RSSI indicates effective signal to noise ratio, the average RSSI for Operator B is high compared to Operator A which indicates that quality of received signal in Operator A is better than Operator B. On the other hand, high RSRQ for Operator B indicates frequent hand-off while walking in around the city center. During the test it was observed that Operator A is using two ports (port 0 and port 1) in antenna to support MIMO in eNB. The benefit of using MIMO was evident in the KPIs. Figure 1 and Figure 2 indicates the walk test for Operator A and Operator B. Table 1 and Table 2 indicate the KPI measurement for the test. 
B. Experiment 2 -Train test:
This test conducted while travelling in the train from Station A to Station B. In the figures, it shows that for most of the time, the serving RSRP and RSRQ of Operator A maintains high level of network quality and coverage. However, the serving signal power reduces to -115 from -90 dBm inside a tunnel near to the station. On the other hand, the network coverage for Operator B varies between -74.4 dBm to -131.6 dBm. The variation in RSRQ is higher than Operator A which resulted in more handoff. Figure 3 and Figure 4 indicates the train test for Operator A and Operator B. Table 3 and Table 4 indicate the KPI measurement for the test.
C. Experiment 3 -Drive test in a car inside the city:
This test was done while driving with a car inside the city. The red patches in the Figure 5 for Operator A indicate that serving power was unstable and choppy in certain locations. But on the whole throughout this test the quality was high to maintain high performance in terms of throughout. For Operator B, the received signal strength was better than Operator A and the quality of the link was similar to Operator A. But RSRP for Operator A is better than Operator B which indicates that Operator-A have less noise in the signal than Operator B from neighbouring cells. The same is reflected in RSRQ as well. This indicates that to boost the quality of the received signal appropriate cell planning is the right strategy than increasing the number of eNBs. Figure 5 and Figure 6 indicates the train test for Operator A and Operator B. Table 1 and Table 2 indicate the KPI measurement for the test.
D. Experiement 4 -Inside the Internation airport
This test conducted inside the international airport. The user remained stationary during the test. Since, it is an airport there was constant movement of people and trolleys around the 978-1-5090-0676-2/16/$31.00 ©2016 IEEE test user. Apart from this airport is a closed environment with metal and glass structures which may affect the quality of the received signal. The impact of structures and reflections are evident in Table 7 for Operator A. The average RSSI is high compared to RSRP which indicates that noise level in the signal high due to reflections and absorptions. Similar behavior is observed in Operator B (Table 8) . Hence, appropriate planning is required to negate the impacts of reflections and absorptions emanating due to the building structures. At the end of the benchmarking test, performed in various locations and in various modes such as walking around the city center, travelling in train, driving in the car and in indoor environments, the main similarity between the Operator A and Operator B was that both were using 1800 frequency band and both were using FDD-LTE. According to the values obtained during the drive test, we can conclude that the performance of Operator A in all the four identified test scenarios was better than Operator B (Table 9 ). Operator A performance was much stable even in high speed moving condition. However, the received signal strength in of Operator A can be enhanced inside the indoor (airport) condition. For Operator B, the performance of the LTE network was stable in the CBD area and in the train. But the performance got degraded while driving in the car inside the urban condition. Furthermore, the Operator A and Operator B did not have enough coverage inside the tunnels and in the underground passage. The network performance can be enhanced if these concerns can be addressed by the service providers in immediate future. 
